Aim: Arterial stiffness is recognized to be an independent risk factor for cardiovascular morbidity and mortality. Recent studies have found that osteoprotegerin (OPG) is associated with increased pulse wave velocity and may reflect endothelial dysfunction. The aim of this study was to evaluate the relationship between the serum OPG level and arterial stiffness in hypertensive patients using the cardio-ankle vascular index (CAVI). Methods: Fasting blood samples were obtained from 115 hypertensive patients and 52 healthy participants. The CAVI value was derived using the waveform device (CAVI-VaSera VS-1000). The serum OPG levels were measured using a commercially available enzyme-linked immunosorbent assay. A CAVI value of ≥ 9 defined the high arterial stiffness group. 
Introduction
Osteoprotegerin (OPG) is a vascular calcification inhibitor whose level may reflect endothelial dysfunction 1) . The vascular role of OPG is multifaceted and depends on the interplay with its ligands, receptor activator of NF-B ligand (RANKL) and tumor necro-
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pant remained in a sitting position for at least 10 minutes. The systolic blood pressure (SBP) and diastolic blood pressure (DBP) values were obtained at the points of appearance and disappearance, respectively, of the Korotkoff sounds. The SBP and DBP values were obtained three times at five-minute intervals and averaged for the analysis. In the prevalence survey, hypertension was defined as a SBP of ≥ 140 mmHg and/or DBP of ≥ 90 mmHg or use of antihypertensive medication within the past two weeks. A patient was regarded as being diabetic if their fasting plasma glucose level was 126 mg/dL or greater or if he/she was using diabetes medications (oral drugs or insulin) 10) . Cardiovascular disease was defined as a history of coronary artery disease or stroke. Coronary artery disease defined as 50% stenosis in any segment on coronary angiography. The pulse pressure was calculated by subtracting the DBP from the SBP. Patients were excluded if they had acute infection, acute myocardial infarction or pulmonary edema at the time of blood sampling, were receiving oral calcium preparations, bisphosphonates, teriparatide, estrogen medications or agents for osteoporosis and/or they refused to sign the informed consent form for study participation. The Protection of Human Subjects Institutional Review Board of Tzu-Chi University and Hospital approved the study protocol.
Anthropometric Analysis
Body weight was measured to the nearest halfkilogram with the patient in light clothing and without shoes. Height was measured to the nearest halfcentimeter, and waist circumference was measured to the nearest half-centimeter at the shortest point below the lower rib margin and iliac crest. Body mass index (BMI) was calculated as the weight (kilograms) divided by the height squared (meters) 9, 11) .
Biochemical Measurements
The fasting blood samples (approximately 5 mL) were immediately centrifuged at 3,000 g for 10 minutes. The serum levels of blood urea nitrogen (BUN), creatinine (Cre), fasting glucose, total cholesterol (TCH), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total calcium, phosphorus and C-reactive protein (CRP) were measured using an autoanalyzer (COBAS Integra 800, Roche Diagnostics, Basel, Switzerland) 9, 11) . The serum OPG levels (eBioscience Inc., San Diego, CA, USA) were determined using a commercially available enzyme-linked immunosorbent assay (ELISA) 9) . The serum intact parathyroid hormone levels (iPTH) (Diagnostic Systems Laborasis factor (TNF)-related apoptosis-inducing ligand (TRAIL), as well as bidirectional modulation involving osteogenic, inflammatory and apoptotic responses 2) . Clinical studies suggest that the serum OPG level increases in association with vascular calcification, coronary artery disease, stroke and future cardiovascular events 2) . Arterial stiffness is recognized to be an independent risk factor for cardiovascular morbidity and mortality 3) . The pulse wave velocity (PWV) is currently the most popular index and is known to be a predictor of cardiovascular events. However, this parameter depends on the patient's blood pressure at the time of measurement 4) . The cardio-ankle vascular index (CAVI) is a new index of the overall stiffness of the arteries from the origin of the aorta to the ankle and is theoretically independent of changes in blood pressure 4, 5) . Clinically, CAVI values are widely applied to assess arterial stiffness in subjects with known cardiovascular disease 4) . One study noted that the OPG/ fetuin-A ratio is independently associated with the CAVI values in hemodialysis patients 6) . Hypertension is a significant public health concern of worldwide distribution and the most common risk factor for cardiovascular disease and mortality 7) . Arterial stiffness is an established cardiovascular risk factor that may prove to be a better risk index for target organ damage and cardiovascular events in the hypertension population 8) . Our previous study found the serum OPG level to be positively associated with the carotid-femoral pulse wave velocity in hypertensive patients 9) . However, to the best of our knowledge, there have been no prior studies regarding the serum OPG level and arterial stiffness measured according to the CAVI in hypertensive patients.
Aim
The aim of the present study was to determine the relationship between the serum OPG level and arterial stiffness in hypertensive patients using the CAVI values.
Patients and Methods

Patients
Between January and December 2012, 167 participants from a medical center located in Hualien, Taiwan were enrolled in this study (115 patients with hypertension and 52 healthy participants). Trained staff measured blood pressure (BP) in the morning in all participants using a standard mercury sphygmomanometer with an appropriate cuff size after the partici-pressure and pulse wave velocity, and the CAVI was calculated automatically. In this study, the high arterial stiffness group included patients with a CAVI value of ≥ 9, whereas a CAVI value of 9 was used to define the low arterial stiffness group 11) .
Statistical Analysis
The data are expressed as the mean standard deviation (SD) and were tested for a normal distribution using the Kolmogorov-Smirnov test. Comparisons between patients were made using the Student's independent t -test (two-tailed) for normally distributed data or the Mann-Whitney U test for parameters that presented with a non-normal distribution (triglycerides, fasting glucose, BUN, iPTH, CRP and OPG). Variables expressed as the number of patients were analyzed using the 2 test. Because the OPG distribution was not normal, these data were transformed logarithmically (base 10), and the log-OPG values tories, Webster, Texas, USA) were measured using a commercially available ELISA 11) . The estimated glomerular filtration rate (GFR) was calculated using the Modification of Diet in Renal Disease (MDRD) equation.
Cardio-ankle Vascular Index Measurements
The measurements were obtained in a quiet, temperature-controlled room with the patient in the supine position after 10 minutes of rest in accordance with recommendations. The CAVI was measured according to methods described previously (VaSera VS-1000, Fukuda Denshi Co. Ltd., Tokyo, Japan) 4, 11) . Briefly, a cuff was applied to the bilateral upper arms and ankles with the subject supine and the head held in the midline position. We then placed the phonocardiography microphone and electrocardiography electrodes. After the subject had rested for 10 minutes, the VaSera VS-1000 was used to measure the blood The demographic, biochemical and clinical characteristics of the 115 hypertensive patients and the hypertensive patients in the high arterial stiffness group versus the low arterial stiffness group are presented in Table 2 . Sixty-five patients (56.5%) were assigned to the high arterial stiffness group. Age (p 0.001), SBP (p 0.001), DBP (p 0.024), pulse pressure (p 0.046), Cre (p 0.013), serum OPG (p 0.001) and log-OPG (p 0.001) were higher in the high arterial stiffness group than in the low arterial stiffness group, while the GFR values (p 0.003) were lower in the high arterial stiffness group than in the low arterial stiffness group. The log-OPG levels did not differ statistically with high arterial stiffness group found to be normally distributed. The associations between the OPG concentration and age, CAVI, SBP, DBP, pulse pressure, Cre and GFR were evaluated using the nonparametric Spearman's rank correlation coefficient. Variables found to be significantly associated with arterial stiffness in the hypertensive patients were tested for independence according to a multivariate logistic regression analysis (adopted factors: diabetes, smoking, gender, age, SBP, DBP, pulse pressure, BUN, Cre, GFR and OPG). The data were analyzed using the SPSS software program for Windows (version 19.0; SPSS, Inc., Chicago, IL, USA). A p-value of less than 0.05 was considered to be statistically significant.
Results
The clinical and laboratory characteristics of the 52 healthy participants and 115 hypertensive patients (n 75; 65.2%). The medications prescribed in the hypertensive patients included angiotensin receptor blockers (ARBs; n 61; 52.2%), angiotensin-converting enzyme inhibitors (ACEIs; n 40; 34.8%), calcium channel blockers (CCBs; n 62; 49.6%), -blockers (n 69; 60.0%), statins (n 61; 53.0%), fibrates (n (n 31, 0.42 0.57 pg/L) compared with low arterial stiffness group (n 21, 0.23 0.39 pg/L) in healthy participants (p 0.179, data not shown).
The comorbid conditions of the 115 hypertensive patients included diabetes (n 45; 39.1%), dyslipidemia (n 55; 47.8%) and cardiovascular disease sion itself is strongly associated with cardiovascular disease 13) . Many papers have reported that the CAVI values are high in patients with hypertension 4, 14) . In this study, 56.5% of the hypertensive patients were assigned to the high arterial stiffness group based on the CAVI.
The CAVI values are reportedly higher in patients with diabetes mellitus 15) . A high glucose level may modulate the arterial wall, thus increasing stiffness within a relatively short time and resulting in an increased CAVI 4) . The association between the CAVI and the progression of diabetes mellitus, another wellknown condition that contributes to vascular stiffness, has also been extensively studied 4, 5) , and diabetes is an independent determinant of the CAVI values in hypertensive patients 16) . Smoking has been found to be a risk factor for increasing arterial stiffness 17) . One study noted that smoking causes a significant increase in arterial stiffness as measured by the CAVI and that the CAVI correlates with the Brinkman index, which suggests that the CAVI is a useful index of the degree of arterial stiffness caused by smoking 18) . Another study found that complete smoking cessation improves the CAVI value 19) . Similarly, we found that, among the hypertensive patients included in our study, diabetes and smoking were more prevalent in the high arterial stiffness group than in the low arterial stiffness group.
Aging of the arterial system is accompanied by progressive structural changes, consisting of fragmentation and degeneration of elastin, increases in collagen, thickening of the arterial wall, endothelium damage and progressive dilation of the arteries 20) . In healthy, normotensive individuals, the CAVI values nonetheless increase with age 21) . In the current study, among the hypertensive patients, the subjects in the high arterial stiffness group tended to be older than those in the low arterial stiffness group. Arterial stiffness leads to an increase in SBP because the heart is 15; 13.0%), aspirin (n 65; 56.5%) and clopidogrel (n 27; 23.5%). Diabetes (p 0.032) and smoking (p 0.044) were more frequent in the high arterial stiffness group than in the low arterial stiffness group. The groups did not differ statistically in terms of gender, co-existing dyslipidemia, cardiovascular disease and use of ARBs, ACEIs, CCBs, -blockers, statins, fibrates, aspirin or clopidogrel ( Table 3) . The log-OPG levels did not differ statistically between hypertensive patients with (n 75, 0.36 0.48 pg/L) and without cardiovascular disease (n 40, 0.39 0.52 pg/ L) (p 0.702, data not shown).
The correlations between OPG and age, cardioankle vascular index, systolic blood pressure, diastolic blood pressure, pulse pressure, creatinine and the glomerular filtration rate in the 115 hypertensive patients are presented in Table 4 . The results of the Spearman test indicated strong positive correlations between OPG and age (r 0.317, p 0.001), CAVI (r 0.484, p 0.001), SBP (r 0.250, p 0.007) and pulse pressure (r 0.286, p 0.002).
The multivariable logistic regression analysis of the variables that were significantly associated with arterial stiffness (diabetes, smoking, gender, age, SBP, DBP, pulse pressure, BUN, Cre, GFR, and OPG) among hypertensive patients showed that age (odds ratio: 1.162, 95% confidence interval (CI): 1.070-1.263, p 0.001), DBP (odds ratio: 1.109, 95% CI: 1.033-1.190, p 0.004), and serum OPG level (odds ratio: 1.275, 95% CI: 1.030-1.580, p 0.026) were independent predictors of arterial stiffness in these patients ( Table 5 ).
Discussion
Our results showed that age, DBP and OPG were positively correlated with arterial stiffness in the hypertensive patients based on the CAVI values.
Arterial stiffness is a well-recognized predictor of cardiovascular morbidity and mortality 12) . Hyperten- production of OPG to compensate for the process of vascular calcification. However, the exact significance and mechanisms by which this bone regulatory protein influences cardiovascular pathophysiology remains unclear 2, 30) . Clinical observational studies have shown a positive association between the serum OPG levels and cardiovascular disease 2) , and the OPG/fetuin-A ratio is independently associated with the CAVI values in hemodialysis patients 6) . Azelnidipine, but not indapamide, when combined with olmesartan treatment for 12 months has been demonstrated to improve arterial stiffness, as measured by the CAVI, and is associated with a significant decrease in the OPG concentrations in hypertensive patients 31) . In the current study, the serum OPG concentrations were higher in the hypertensive patients in the high arterial stiffness group than in those in the low arterial stiffness group. This association remained significant even after adjusting for various confounders common in hypertensive patients. The results of the Spearman's rank correlation coefficient test also indicated a strong positive correlation between OPG and CAVI. Compared to our previous study using the carotid-femoral pulse wave velocity 9) , the present results also showed that the serum OPG level is positively associated arterial stiffness, measured according to the CAVI, in hypertensive patients.
Pharmacologic interventions have been shown to influence the CAVI values in humans. For example, in type 2 diabetes patients with hypertension, olmesartan, an angiotensin II receptor blocker, has been observed to significantly decrease the CAVI scores after 12 months of treatment, in contrast to amlodipine, which did not have this effect 32) . In addition, treatment with efonidipine significantly decreases the CAVI values after 12 months in type 2 diabetes patients with hypertension and nephropathy receiving angiotensin receptor II blockers 33) , while therapy with azelnidipine combined with olmesartan for 12 months decreases the CAVI values in hypertensive patients 31) . Telmisartan-based therapy also has beneficial effects on arterial stiffness, as assessed using the CAVI, compared with calcium channel blocker-based therapy 34) . ejecting into a stiffer arterial bed that is less able to accommodate the volume of blood ejected by the left ventricle, resulting in a greater increase in systolic pressure 22) . Furthermore, reduced aortic elastic recoil and a decreased reservoir capacity lead to a fall in DBP, resulting in a widened pulse pressure 23) . In the current analysis, we found that the SBP, DBP and pulse pressure values were higher in the high arterial stiffness group than in the low arterial stiffness group. The CAVI correlates independently with the estimated GFR in the general Japanese population 24) , whereas, in renal insufficiency patients, the CAVI values are closely associated with the cystatin C levels 25) . Another report noted a significant correlation between the serum cystatin C level and the CAVI only in women in a non-chronic kidney disease population 26) . A decreased GFR is a key determinant of arterial stiffness in hypertensive patients with a normal renal function 27) . In our study population, among the hypertensive patients, the BUN and Cre values were higher, while the GFR values were lower in the high arterial stiffness group than in the low arterial stiffness group. In addition, the multivariable analysis showed age and DBP to be independent predictors of arterial stiffness in the hypertensive patients.
The pathogenesis of arterial stiffness induced by vascular calcification is very important 28) . Vascular calcification is an active and complex process that involves numerous mechanisms responsible for calcium deposition in the arterial wall, leading to an increase in arterial stiffness 29) . Studies conducted both in vitro and in animal models suggest that OPG is a vascular calcification inhibitor as well as a signaling molecule involved in bone remodeling and has been implicated in the regulation of vascular calcification and atherogenesis 2) . The mechanisms underlying the inhibitory effects of OPG on vascular calcification in animal models may be passive or cellular 2, 30) . However, clinical studies suggest that the serum OPG level increases in association with vascular calcification, and the potential of OPG as a biomarker of vascular disease has been reported 30) . This phenomenon may involve vascular calcification that induces the further p 0.05 was considered to be statistically significant in the multivariate logistic regression analysis (adopted factors: diabetes, smoking, gender, age, systolic blood pressure, diastolic blood pressure, pulse pressure, blood urea nitrogen, creatinine, glomerular filtration rate and OPG).
Furthermore, treatment with pitavastatin for 12 months significantly decreases the CAVI scores in type 2 diabetes patients 35) . However, our results did not show a relationship between arterial stiffness, as measured according to the CAVI, and treatment with statins, fibrates or other medications (ARBs, ACEIs, CCBs, -blockers, aspirin or clopidogrel) in the hypertensive patients. Further studies are therefore required to elucidate the relationship between medications and the CAVI levels in hypertensive patients.
There are some limitations associated with the current study. First, the number of patients enrolled was small, thereby weakening the statistical power of the results. Second, the study had a cross-sectional design; therefore, the findings should be investigated in long-term prospective studies before the causal relationship between the serum OPG level and arterial stiffness in hypertensive patients can be established. Third, since the CAVI reflects both organic and functional stiffness, it is inappropriate to consider it a pure indicator of organic changes in the arterial wall, as occur with arteriosclerosis and aging 36) . Hence, further studies are needed to assess the effects of OPG on arterial stiffness in hypertensive patients.
In conclusion, the present findings indicate that the serum OPG level is positively associated with arterial stiffness as assessed by the CAVI in hypertensive patients.
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